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HIGH OUTPUT CIRCULATORY FAILURE 
AS A DISTINCT SYNDROME* 


Some patients with a diagnosis of congestive 
heart failure have a basal cardiac output well 
above the normal range. It is understandable that 
a weakened heart might achieve a normal output 
in the presence of stimuli not found in the nor- 
mal person, but it is not reasonable to suppose 
that cardiac weakness as such could lead to an 
increase in basal cardiac output. Therefore, in 
patients who have the so-called high output type 
of circulatory failure, a source of cardiac stimu- 
lation not present in normal persons must be 
postulated. A consideration of the causes of high 
output failure and of the characteristic features 
of the syndrome reveals that the resistance to 
outflow of blood from the systemic arterial tree 
is reduced. This could be the change which elicits 
the increase in cardiac output.': * 


Differentiation of True Congestive Heart 
Failure and High Output Circulatory 
Failure 


The similarities between true congestive failure 
and high output failure are related to the fact 
that retention of NaC] and water occurs in both. 
The rise in extracellular fluid volume which is a 
direct consequence of the positive salt balance 
leads to edema, accumulation of fluid in body 
cavities, increased blood volume, increased ve- 
nous pressure, cardiac dilatation, pulmonary en- 
gorgement and dyspnea. 


There are two principal differences between 
the two syndromes: First, the total peripheral 
resistance is below normal in most or all cases of 
high output failure, while typically it is elevated 
in true congestive failure. Second, cardiac out- 
put, by definition, is increased in the former 
while it is normal or decreased in the latter. 
Corollaries to the increased cardiac output in 
high output failure are the shortened circulation 
time and decreased arteriovenous oxygen differ- 
ence; these are increased in true congestive fail- 
ure. Further evidences of cardiac stimulation 
which may be seen in high output failure are the 
increased amplitude of waves in the ballistocar- 


* From the Department of Physiology, University of 
Wisconsin Medical School, Madison, Wis. 
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diogram, elevated heart rate and widening of the 
pulse pressure. Both the lowered peripheral re- 
sistance and increased stroke volume contribute 
to the latter change. The increase in pulse pres- 
sure in high output failure usually is achieved 
through a decrease in diastolic pressure as well 
as through an increase in systolic pressure, so 
that the mean arterial pressure may not be 
significantly altered. The peripheral resistance 


(calculated from the relationship R = z, where 


R is resistance, P is mean arterial pressure and F 
is flow) is decreased, since flow is increased and 
mean pressure is not correspondingly increased. 


Since the heart in high output failure may be 
responding as a normal heart would be expected 
to respond under identical circumstances, there 
is no evidence of cardiac weakness. It is possible 
that weakness could develop eventually, as it does 
in hypertension. If, as seems reasonable, the 
heart is not weak it is particularly inappropriate 
to call this syndrome high output heart failure. 
High output circulatory failure is less objection- 
able, but “low peripheral resistance syndrome” 
would be a more accurate and descriptive desig- 
nation. The rather noncommittal name “chronic 
congestive circulatory failure” could include both 
true congestive heart failure and high output 
circulatory failure. 


Mechanisms of Salt and Water Retention 


In patients with true congestive heart fail- 
ure,*: the following characteristic changes in 
renal function occur: 1) When cardiac output is 
significantly decreased, renal blood flow shows a 
still greater per cent reduction. 2) Glomerular 
filtration rate is decreased to a lesser degree than 
the decrease in renal blood flow. 3) The ability 
of the kidney to excrete sodium is decreased 
markedly. 4) The processes concerned with re- 
absorption of sodium by the tubule are not im- 
paired and actually may be more effective. The 
latter change is attributable to the action of 
aldosterone, which is produced in increased 
amounts.®: Since the load of sodium filtered 
is decreased and, reabsorptive activity of the tu- 
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bules is maintained or increased, the amount of 
sodium excreted is decreased. 5) The ability of the 
kidney to excrete water is not seriously impaired. 
The retention of water appears to be secondary 
to salt retention, and only enough is retained io 
maintain isotonicity of body fluids. 

In high output circulatory failure, the reten- 
tion of NaCl and water may be attributed, at 
least in part, to a decrease in renal blood flow and 
glomerular filtration rate related to a dispropor- 
tionate decrease in the extrarenal fraction of the 
total peripheral resistance. It is reasonable to 
postulate such a change in the ratio of renal to 
extrarenal resistance, since normally the tonus 
of arterioles in the kidney is low as compared 
with arteriolar tonus in the extrarenal parts of 
the systemic circuit. Therefore, in the presence 
of a general systemic vasodilator influence the 
resistance in the kidney can decrease only slight- 
ly, while a great decrease can occur in the resist- 
ance in the skin, splanchnic viscera and other 
sites. The renal blood flow is decreased in certain 
conditions which lead to high output failure, and 
since the cardiac output is elevated, the ratio of 
the renal blood flow to the cardiac output is 
greatly decreased. Whereas the renal flow frac- 
tion normally is around 20 to 25 per cent, in 
some cases with high output failure it is below 5 
per cent. It is possible that aldosterone production 
is increased in this syndrome also, and this would 
contribute to salt retention just as it does in 
congestive heart failure. 

Thus it appears that retention of NaCl and 
water may be brought about, either as a con- 
sequence of left ventricular weakness with a 
corresponding tendency of the cardiac output 
to decrease, or as a consequence of the shunting 
of blood away from the kidney (or some other 
organ) in the absence of cardiac weakness. 


Mechanisms for the Increase in Cardiac 
Output 


There are several reasons for postulating that 
the decrease in peripheral resistance in high out- 
put failure is the initial change in the cardiovas- 
cular system that leads to the other changes 
characteristic of the syndrome. First, in arte- 
riovenous fistula which leads to high output fail- 
ure (perhaps in its purest form) the initial hemo- 
dynamic alteration obviously is the reduced 
resistance to outflow of blood from the systemic 
arterial tree. Second, decreased peripheral re- 
sistance occurs in beriberi, severe anemia, hyper- 
thyroidism, Paget’s disease, patent ductus arte- 
riosus, hyperthyroidism and certain types of 
chronic pulmonary disease, all of which may lead 
to high output failure. Third, the high cardiac 
output can be explained as a compensatory re- 
sponse to the low peripheral resistance. Fourth, 
as discussed above, the renal retention of salt and 
water may be caused by a shunting of blood 
away from the kidney by a disproportionately 
large decréase in resistance in the extrarenal 
portion of the systemic circuit. 

An increase in cardiac output is observed fol- 
lowing any change which causes a lowering of 
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the peripheral resistance, unless a condition exists 
at the same time which limits the return of 
blood to the heart. A number of vasodilator 
drugs cause an increased cardiac output in sub- 
jects in the recumbent or moderate Trendelen- 
burg position. In subjects in the orthostatic posi- 
tion, vasodilator drugs cause a decrease in 
cardiac output since venous return is not main- 
tained. When a systemic arteriovenous fistula is 
opened in anesthetized dogs, allowing a flow of 
1200 to 1600 ml., the heart rate and cardiac output 
immediately increase by an amount usually with- 
in the range of 50 to 100 per cent of the amount 
of fistula flow.® It is probable that the compen- 
sation for the flow across a shunt of moderate 
size would be virtually 100 per cent in unanes- 
thetized animals or man. An increase in heart 
rate is an essential part of the immediate com- 
pensatory rise in cardiac output. In the long run, 
a rise in venous pressure and increased stroke 
volume also may contribute to the elevated out- 
put, but initially the right atrial or end-diastolic 
tight ventricular pressure do not rise and even 
may decrease immediately after opening the 
shunt. Vasodilator drugs usually cause a fall in 
right atrial pressure. Thus, the elevated cardiac 
output in response to low peripheral resistance 
is caused by cardiac acceleration, probably re- 
flexly induced from a fall in pressure in the 
sino-aortic zones, early after the decrease in 
resistance is established; ultimately, however, 
the response of a heart of normal strength to an 
elevated venous pressure may become an im- 
portant basis for the high output. The chronic 
elevation of the venous pressure is related to the 
increase in extracellular fluid volume occurring 
as a result of decreased renal excretion of salt 
and water.’ In recent experiments it has been 
shown that such retention begins immediately 
after opening a fistula” and continues in chronic 
preparations.'” 

Weiss and Wilkins,'! in 1937, noted similari- 
ties between the effects of systemic arteriovenous 
fistula and chronic thiamine deficiency, and they 
observed that circulatory changes produced by 
large doses of thiamine in patients with beriberi 
heart disease are similar in important respects to 
those associated with closure of an arteriovenous 
fistula. The pattern of cardiovascular changes in 
beriberi heart disease is the typical high output 
failure syndrome.': '* To accept vasodilatation as 
the primary defect in the circulatory system in 
beriberi would be to accept the similarities be- 
tween AV fistula and beriberi heart disease as 
fundamental. Renal function has been studied in 
only a few cases with beriberi, and in these renal 
blood flow and glomerular filtration rate were 
below normal despite a high cardiac output. It is 
possible, of course, that in the cases with more 
severe and prolonged thiamine deficiency a 
cardiac weakness factor also appears. 

Davies and Kilpatrick'* found renal blood flow 
and glomerular filtration rate reduced in patients 
with high output failure due to chronic cor pul- 
monale. The average for 10 patients was about 
one half the average for normal individuals. If the 
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renal blood flow in these patients is expressed as 
the per cent of the cardiac output, the range is 2.0 
to 15 per cent with an average of 7 per cent as 
compared with an average of around 22 per cent 
in normal subjects. It is evident that the kidneys 
do not share in the increased circulation in high 
output failure associated with beriberi or cor 
pulmonale. This demonstrates that the extrarenal 
fraction of the peripheral resistance is dispro- 
portionately lowered in these diseases, just as it 
is in systemic arteriovenous fistula. 


Consequences of Hypervolemia 


It is visualized that hypervolemia develops as 
a compensatory device in the high output failure 
syndrome; however, it appears that the in- 
crease in blood volume may be great enough to 


lead to difficulties. The principal dangers in ' 


hypervolemia are first, the possibility that the 
ventricles may become dilated to the extent that 
the dilatation per se contributes to an acute de- 


crease in cardiac output, and second, that the™ 


pressure in the pulmonary capillary bed may be- 
come increased to the point of producing transu- 
dation into the alveoli. The dangers of fluid 
administration to patients with hypervolemia are 
obvious, but the consequences of administration 
of vasoconstrictor drugs are not quite as appar- 
ent. The ill effects of such drugs in hypervolemia 
are related to the fact that they promote a shift 
of blood from the systemic circuit into the al- 
ready engorged pulmonary circuit, and this may 
cause a rise in pulmonary capillary pressure 
sufficient to produce pulmonary edema. In dogs, 
doses of vasoconstrictor drugs which do not 
produce pulmonary edema in the presence of a 
normal blood volume will have this effect if the 
blood volume is moderately increased before the 
drug is injected. 

The low peripheral resistance hypothesis also 
explains readily the fact that further cardiac 
dilatation may occur in a patient with beriberi 
heart disease who is treated too vigorously with 
thiamine. As arteriolar tonus is regained in the 
presence of hypervolemia, venous pressure shows 
a further rise. The same type of effect on the 
heart is seen sometimes when a large chronic 
arteriovenous fistula is closed. Withdrawal of 
blood may be beneficial in such cases. 

The degree of pulmonary congestion in a 
patient with chronic hypervolemia is least in the 
orthostatic position, but is increased when the 
patient lies down. Immediate transfer of blood 
from the systemic to the pulmonary circuit 
occurs as a result of the effects of gravity when 
the recumbent position is assumed. However, 
there is also a gradual increase in blood volume 
while the patient remains recumbent, as edema 
fluid moves from the interstitial space through 
the capillary walls; thus the blood volume shows 
nocturnal increases in patients with chronic hyper- 
volemia and edema. The rise which occurs dur- 
ing the night, and the consequent increase in 
pulmonary engorgement, perhaps may explain 
the development of acute dyspnea. 
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The most practical indices of the severity of 
the increase in volume of blood in the pulmonary 
circuit and cardiac chambers probably are: (1) 
the amount of pulmonary engorgement as indi- 
cated by dyspnea, (2) evidences of transudation 
of fluid into the alveoli, (3) the degree of 
cardiac dilatation, and (4) the level of pressure 
in the great veins and right atrium. 


It appears that vasoconstrictor influences may 
build up in some patients with chronic circula- 
tory failure during the day while they are up 
and about. Possibly renal ischemia and the 
angiotonin mechanism are involved in this reac- 
tion.’® Furthermore, the patient’s ability to ex- 
crete salt is considerably less during the up-and- 
about period than during recumbency.'® The 
reduced salt excretion during the day in patients 
with congestive heart failure no doubt is related 
to a further decrease in glomerular filtration rate 
produced by the orthostatic position, and pos- 
sibly to a further increase in the production of 
aldosterone. 


Summary 


In most or all of the conditions leading to 
high output circulatory failure there is reduced 
resistance to run-off of blood from the systemic 
arterial tree. A chronically low peripheral re- 
sistance appears to be sufficient to cause develop- 
ment of the full-blown high output failure syn- 
drome. Cardiac weakness and failure may or 
may not develop in the course of the disease. 
When cardiac failure occurs, this would be ex- 
pected to contribute to a further rise in extracel- 
lular fluid volume and a reduction in cardiac 
output from the high level seen before failure. 
The problem of transfer of blood from the sys- 
temic circuit to the pulmonary circuit as a result 
of recumbency and of vasoconstrictor influences 
is discussed. 


W. B. Youmans, M.D. 

Professor of Physiology 

University of Wisconsin Medical School 
Madison, Wis. 
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